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FLIGHT OF THE "VOSKHOD-2" SPACECWT 

Pilot-Cosmonaut P. I. Belyayev, Colonel, 
Air Forces of the Ministry of Defense USSR 

On 18 March 1965, at 1000 hums Moscow time, a powerful carrier rocket /1 
placed the piloted spacecraft "Voskhod-2Y into Earth orbit from the Soviet 

Union. The commander of this spacecraft was myself, and Lieutenant Colonel 

A .  A.  Leonov was the copilot. 

As is known, the spacecraft was placed in an orbit with the following 

parameters : minimum distance from the Earth's surface (perigee), 175 km; max- 

imum distance (apogee), 495 km; inclination of the orbit from the plane of the 

equator, about 650; period of rotation around the Earth, 90.0 min. 

The flight of the "Voskhod-2" spacecraft lasted 26 hours, during which 

time it made 17 orbits around the Earth and travelled a distance of more than 

720,000 km. 

Landing was accomplished by manual control. The spacecraft landed on S9 

March 1965, at 1202 hours Moscow time, in the vicinity of the city of Perm'. 

Character is tics of the "Voskhod-2" Spacecraft 

The "Voskhod-2" spacecraft is an entirely new type of vehicle by compari- 

son with  its sister ships, the "Vostokl' and "Voskhod-1" craft. It consists of 

a cosmonaut cabin and an instrument compartment. The cabin houses the crew in 

their spacesuits, the life support systems, control systems, indicators and 

Signals, and the equipment for conducting medical and biological, and physical 
*Numbers given in the margin indicate the pagination in the original foreign 
test. 
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and engineering experiments. An airlock is located on the outside of the /2 
spacecraft. The vehicle's parachute system and soft landing system are located 

in a special housing. 

quired to place the craft into orbit and for orbital flight, and also the retro- 

rocket installation. 

The instrument compartment contains the equipment re- 

The crew, wearing abort gear, were seated in their nonejectable chairs, de- 

signed for convenience while operating the equipment and comfort while resting. 

The life support system was maintaining the following conditions inside the 

vehicle: 

tial oxygen pressure, not less than 135 rmn Hg; percent content of carbon dioxide, 

not more than 1 . 5  percent; humidity, between 35 percent and 70 percent. Humidity 

and temperature could be regulated as we wished. 

air temperature, between l5O and 22OC; pressure, 1.0 to 1.1 atm; par- 

On the whole, the air regeneration and air conditioning system provided 

maintenance of the required cabin atmosphere conditions throughout the flight. 

Thus conditions in the cabin were ordinary, Earthside conditions. 

During orbital flight, for convenience in manipulating the equipment, we 

took off our sealed helmets and gloves. 

Spacecraft attitude control fo r  making observations and conducting scien- 

tific experiments was accomplished mnually. 

about its center of gravity by means of small thrustors. The vehicle's radio 

and television equipment provided stable two-way communication with Earth on 

short and ultra-short wave frequencies, and permitted observation of Leonov's 

extravehicular activity both from the spacecraft and from the ground. 

The vehicle could be turned 

The vehicle's instrumentation made it possible to monitor the operation of 

all systems essential to life throughout the flight, from launch to landing. 

The airlock, which was designed for extravehicular activity not only on 

the present flight, but during subsequent orbital flights and on other kinds of 
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space objec ts ,  permitted egress w i t h o u t  loss  of pressure from the main cabin. 

I n  addition, the chamber contributed to  the safe ty  of egress  i n t o  space. How- 

ever,  i n  case of any kind of emergency requir ing immediate aid t o  the copi lo t  

outside the vehicle ,  the  c a p a b i l i t y  of immediate depressurization of the cabin 

without in te r fe r ing  w i t h  t h e  operation of any of the equipment w a s  incorporated 

i n t o  the design. Naturally,  a f t e r  rescue and r e t u r n  t o  the i n t e r i o r  of the 

vehicle ,  normal conditions could be restored ins ide  the cabin. 

The parachute system and s o f t  landing system assured a s o f t  landing i n  the  

f u l l  sense of the word, without any sensation of s t r i k i n g  t h e  E a r t h .  

t h e  above mentioned i t e m s ,  the  cabin a l s o  contained the  onboard food r a t i o n ,  

consis t ing of ordinary "terrestrial" products assoJed according t o  our individ-  

u a l  tastes. 

Besides 

k 

h 
On board there w a s  a l s o  a sani ta t ion  f a c i l i t y  f o r  accopodating the de- 

mands of nature.  

It must be said tha t  the r e l i a b i l i t y  of Soviet  spacef l ight  equipment i s  

very high. 

l iable bas ic  systems, bu t  a l so  by providing them w i t h  redundancy. 

on no earlier f l i g h t  w a s  it ever necessary t o  switch over t o  operation w i t h  an 

auxi l iazy  system, i .e. ,  no cases of basic system f a i l t l r e  occurred. 

This high r e l i a b i l i t y  i s  a t ta ined  not only by the creat ion of re- 

However, /4 

The purpose of the  f l i g h t  w a s  t o  perform the extravehicular experiment 

i n  space during o r b i t a l  f l i g h t .  

While carrying out this experiment, the c h a r a c t e r i s t i c s  of t h e  func t iona l  

state of the cosmonaut's organism and h is  a b i l i t y  t o  cont ro l  the pos i t ion  of 

h i s  body i n  free f a l l  under conditions of weightlessness were t o  be checked and 

determined. 

autonoaous l i f e  support system while the cosmonaut w a s  working i n  space outs ide 

Simultaneously, comfort and r e l i a b i l i t y  of the spacesuit  and the  
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the  vehicle  were t o  be evaluated. I n  addi t ion,  the  r e l i a b i l i t y  of sh ip  systems 

operation w a s  t o  be checked and the  value of the program used f o r  ground t r a i n -  

ing of the crew f o r  the  experiment now t o  be ca r r i ed  out f o r  the f irst  time i n  

space w a s  t o  be tested; and a series of s c i e n t i f i c  experiments and s tudies  were 

t o  be performed. 

The schedule of s c i e n t i f i c  experiments and s tudies  included medical and 

b io log ica l ,  and physical  and engineering 

Preparation f o r  the F l i g h t  

experiments. 

The f l i g h t  of t he  "Voskhod-2" spacecraft  w a s  preceded by long and ca re fu l  

preparat ion of t h e  f l i g h t  crew and a standby crew. 

general  cosmonaut t r a in ing  and spec i f ic  crew t r a i n i n g  f o r  t h e  present f l i g h t .  

I t r a i n e d  f o r  the du t i e s  of spacecraft  commander, w h i l e  Leonov t ra ined  f o r  

those of copi lo t .  This  i s  not t o  say, however, t ha t  w e  could not have subs t i -  

t u t e d  for one another during the f l i g h t .  

d u t i e s  of command, and I w a s  able t o  do the work of the copi lo t .  

Much has already been said about general  cosmonaut t r a in ing  by our p i l o t -  

This t r a in ing  included both 

& 

Leonov w a s  capable of taking over the  

cosmonaut comrades who f l e w  before us. 

cussion of spec i f i c  t r a i n i n g  f o r  t h i s  f l i g h t .  

Therefore I w i l l  l i m i t  myself t o  d i s -  

W e  began our study of the spacecraft  at  the design o f f i c e ,  long  before the 

f l i g h t .  A s  the ship w a s  being designed, w e  took p a r t  i n  the t e s t i n g  of i t s  

systems and of the ship as a whole i n  complex ground tests. This method of 

learn ing  the ship,  e spec ia l ly  our par t ic ipa t ion  i n  the  t e s t s ,  gave us pe r fec t  

mastery of i t s  systems and confidence i n  i t s  complete r e l i a b i l i t y .  

The unusual nature of the extravehicular a c t i v i t y  experiment and the i m -  

p o s s i b i l i t y  of simulating it f u l l y  under E a r t h  conditions necessi ta ted the 

c r e a t i o n  of spec ia l  t r a in ing  devices and labora tor ies  f o r  f ami l i a r i za t ion  w i t h  
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con t ro l  of the vehicle  and i t s  systems, and f o r  working out  the  egress  proce- 

dure. 

s tages  of f l i g h t .  

and vehicle  a t t i t u d e  cont ro l ,  including emergency procedures, u n t i l  they be- 

came automatic. 

A t r a in ing  ship w a s  b u i l t  which imi ta ted  the operation of systems at a l l  

I n  th i s  ship we rehearsed all d e t a i l s  of onboard equipment 

I n  addi t ion,  we a l s o  ran through the medical and b io log ica l  s tud ies  

scheduled i n  the f l i g h t  program on t h i s  t r a i n i n g  ship.  T h i s  not only reinforced 

our f a m i l i a r i t y  w i t h  the operation of the s c i e n t i f i c  equipment under spacef l igh t  

conditions,  bu t  placed at  our disposal a grea t  fund of s c i e n t i f i c  background 

material. Preliminary fami l ia r iza t ion  w i t h  individual  systems con t ro l  w a s  ac- 

complished on spec ia l  func t iona l  t r a in ing  devices. After all the elements 

of the f l i g h t  assignment had been worked out  under ground condi t ions,  we began 

t r a in ing  f o r  egress  f r o n  the vehicle  and re -en t ry  i n t o  it i n  a barochaaber under 

conditions of high vacuum. On conclusion of th i s  t r a in ing  we rehearsed the 

egress  procedure on a mockup of the vehicle which w a s  f lown i n  t h e  cabin of a 

labora tory  a i rp lane .  

of weightlessness.  

/6 

Egress w a s  rehearsed i n  s teps  during the  shor t  i n t e rva l s  

Concurrently w i t h  our study of the vehicle  and t r a i n i n g  on t r a i n i n g  de- 

v ices ,  we underwent regular  physical  t r a in ing  of two kinds: 

t r a i n i n g  and spec ia l ized  physical t ra in ing .  The spec ia l ized  t r a in ing  consis ted 

of ves t ibu la s  t r a in ing ,  centr i fuge t ra in ing ,  parachute jumps, and other  forms 

of t r a i n i n g  t o  increase the  resis tance of our bodies t o  the e f f e c t s  of space- 

f l i g h t  f a c t o r s .  

supervis ion of physicians.  

general  physical  

All types of t ra in ing  were performed under the continuous 

During the f i n a l  phase of our t ra in ing  the  f l i g h t  task w a s  s tudied.  When 

the whole program of t r a in ing  had been completed, permission w a s  given t o  m a k e  

5 



the f l i g h t .  It should be noted tha t  the broad scope of the t r a i n i n g  undergone 

j u s t i f i e d  i tself ,  since i n  space w e  encountered nothing which had not been an- 

t i c i p a t e d  and executed the  f l i g h t  t a s k  accurately.  

A t  th i s  point  it i s  probably appropriate t o  r e c a l l  the dictum of the g r e a t  

This motto i s  warrior Suvorov: 

c l e a r l y  worth remembering during any preparation f o r  spaceflight experiments, 

p a r t i c u l a r l y  if the experiment i s  being performed fo r  the f i r s t  ti=. 

Performance of the F l i g h t  Program 

"The harder t h e  d r i l l ,  the easier the  battle." 

The pr inc ip le  task t o  be performed on the f l i g h t ,  as s t a t e d  above, w a s  

tha t  of egress i n t o  space wearing the s p e c i a l  s u i t  with i t s  individual  l i f e  

support system. The extravehicular a c t i v i t y  experiment w a s  begun 

i m d i a t e l y  a f t e r  inser t ion  of t he  ship i n t o  o r b i t .  P r i o r  t o  egress  the condi- 

t i o n  of all sh ip  systems w a s  checked. 

l i f e  support system. 

sure ins ide  the cabin. Then t h e  cabin i r l o c k  hatch w a s  opened and A. A. Leonov 

took up his posi t ion inside the lock. 

i n t o  the lock w a s  secured, the air i n s i d e  the lock w a s  bled away and the hatch 

leading from the lock i n t o  space was opened. 

/7 

Cosmonaut Leonov then donned h i s  backpack 

Pressure inside the a i r lock  w a s  equalized w i t h  t'ne pres- 

b 
After the hatch leading from the cabin 

After assuring myself t h a t  a l l  l i f e  support systems were working normally 

and that  Cosmonaut Leonov's pulse and r e s p i r a t i o n  rates were within normal 

l i m i t s ,  I gave h i m  permission t o  leave the  ship. While A. A. Leonov w a s  out- 

side t h e  ship i n  space I observed all his  act ions by te lev is ion ,  and monitored 

the operation of t h e  individual  l i f e  support system and the condition of the  

cosmonaut by means of instruments r e f l e c t i n g  the basic  parameters of t h e  system 

and t h e  pulse and resp i ra t ion  r a t e s  of the cosmonaut. I had a continuous te le-  

phone l i n k  w i t h  A. A. Leonov over which he advised me of a l l  h i s  a c t i v i t i e s .  

6 



Thus, I had f u l l  and uninterrupted control  of the  a c t i v i t i e s  and condi t ion of 

the cosmonaut during h is  s t a y  i n  space. 

I f  it had been necessary, the ship systems were designed t o  permit me t o  

go t o  Leonov's rescue and ge t  him back i n t o  the ship.  Leonov's movements i n  

the a i r lock  and i n  free f a l l  i n  space w e r e  accompanied by simultaneous s l i g h t  

tu rns  of the ship.  

outer  surface were c l e a r l y  audible i n s i d e .  Thus , i n  case of f a i l u r e  of other  

communications equipment during extravehiculas a c t i v i t y ,  audible contact  can 

s t i l l  be maintained by knocking. 

Before re-enter ing the  ship,  A. A. Leonov dismounted the movie camera 

Leonov's contacts w i t h  t he  sh ip  and h i s  movements upon t h e  

/8 
The cosmonaut's mounted on the r i m  of t he  a i r lock  which had fi lmed h i s  egress .  

re -en t ry  i n t o  the vesse l  w a s  accomplished i n  reverse order:  

lock, closed the outer  hatch,  the  lock w a s  f i l l e d  w i t h  air ,  the inner  hatch w a s  

opened, he entered the  cabin, and the a i r lock  w a s  secured. The re -en t ry  pro- 

cess  proceeded s t r i c t l y  according t o  t h i s  program. 

he entered the  

The remainder of the f l i g h t  w a s  occupied by a series of s c i e n t i f i c  obser- 

vat ions and inves t iga t ions .  These included inves t iga t ion  of the  f e a s i b i l i t y  of 

v i s u a l  o r i en ta t ion  and astronavigation, determining the parameters of the  o r b i t  

w i t h  the simplest  astronomical instruments, neteorological  observations,  and 

study of t h e  s t ruc tu re  and cha rac t e r i s t i c s  of the atmosphere. During the f l i g h t  

a g r e a t  number of motion and s t i l l  p ic tures  were m a d e .  

The medical and b io log ica l  experiments included an inves t iga t ion  of the 

s t a b i l i t y  of hab i t s  i n  carrying out programtxd operat ions,  a study of the chm-  

a c t e r i s t i c s  of perception of t he  colors of ind iv idua l  ob jec ts ,  an inves t iga t ion  

of dynamic operator cha rac t e r i s t i c s  during work with a spec ia l  cont ro l  system 

model, and determination of the resolving power of the  eyes. These medica3 and 
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I b io log ica l  experiments were conducted at  various f l i g h t  s tages ,  including i m -  

mediatly following the extravehiculm a c t i v i t y .  

the  emotional and physiological s t r e s s  of extravehicular  a c t i v i t y  on the 

This permitted the  e f f e c t  of 

psychophysiological state of t h e  cosmonaut t o  be studied. 

Analysis of t he  data obtained showed that under spacef l igh t  conditions 

v i sua l  resolving power and habi tua l  execution of programmed operations undergo 

/9 no e s s e n t i a l  changes, 

Operational v i s u a l  effect iveness  de t e r io ra t e s  approximately X )  percent t o  

30 percent,  which confirms da ta  obtained on the  "Voskhod-1" f l i g h t .  Visual 

perception of the br ightness  of colored objec ts  w a s  s l i g h t l y  dul led.  For cer -  

t a i n  co lors  (green and purple) t h i s  decrease w a s  as g rea t  as % percent.  

In t e re s t ing  d a t a  were obtained in  studying the dynamic c h a r a c t e r i s t i c s  of 

an operator i n  a model cont ro l  system. Spec i f i ca l ly ,  the experiments conducted 

m a k e  it possible  t o  state t h a t  human dynamic c h a r a c t e r i s t i c s  and operator re- 

ac t ion  t i m e  do not undergo ser ious changes during exposure t o  the f a c t o r s  of a 

24-hour spacef l igh t .  During such an exposure, the r eac t ion  most a f fec ted  by 

spacef l igh t  f a c t o r s  i s  the reac t ion  t o  input  s igna l s  w i t h  frequencies g rea t e r  

than o .5 cps . 
Specia l  ves t ibu lar  tests were repeatedly ca r r i ed  out by us during the 

f l i g h t ;  drawing the  ou t l ine  of cer ta in  f igu res  before and a f t e r  ves t ibu lar  

s t imula t ion  (sharp head movements). The above mentioned ves t ibu la r  s t imul i  

evoked no not iceable  changes i n  the qua l i ty  of ou t l i ne  drawing ei ther  a t  the 

beginning or  a t  the end of the f l i g h t .  

W e  a l so  ca r r i ed  out  a study of pulmonary ven t i l a t ion  during f l i g h t  and 

took air  samples f o r  subsequent analysis of gas composition. 

v e n t i l a t i o n  during f l i g h t  was increased two- t o  threefo ld .  

Our pulmonary 
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Besides all the above, we conducted an elementary neurological inves t iga-  

t i o n  i n  f l i g h t ,  which showed that pain and t a c t i l e  s e n s i t i v i t y ,  two-dimensional 

s p a t i a l  and stereognostic perception, and a l so  the a b i l i t y  t o  recognize objec ts  

by touch, underwent no not iceable  changes. The conduct of such inves t iga t ions ,  

of course, had required spec ia l  preliminary t r a i n i n g  on our p a r t .  /10 
All experiments and invest igat ions scheduled were ca r r i ed  out  i n  f u l l .  

Deorbit and Landing 

Because of f a i l u r e  of one of the commands required t o  ac t iva t e  the  auto- 

matic a t t i t u d e  cont ro l  and the consequent f a i l u r e  of t he  system t o  operate ,  I 

w a s  required t o  accomplish the landing using the  manual con t ro l  cycle ,  t h a t  i s ,  

t o  cont ro l  t he  sh ip ' s  a t t i t u d e  by hand and ac t iva t e  the retrorocket  i n s t a l l a t i o n  

at the computed time. 

The manual a t t i t u d e  cont ro l  system worked f lawless ly .  Manual con t ro l  of 

the s h i p ' s  a t t i t u d e  presents  no d i f f i c u l t y .  However, p i l o t i n g  an a i rp lane  and 

or ien t ing  a spacecraf t ,  of course, me two d i f f e r e n t  things.  

Doctors agree tha t  the frequency of cardiac contract ions i s  an index of 

the emotional and physiological  s t a t e  i n  m a n .  

t r a ined  t o  conduct a manual landing, tha t  our pulse rates while doing so d id  

not not iceably change; from the  12th t o  the 17th o r b i t  it varied from 80 t o  87 

beats/min. 

con t ro l  of it. 

However, we were so thoroughly 

We bel ieved i n  t h e  r e l i a b i l i t y  of our ship and were ready t o  take 

Having or iented the  ship,  at the computed t i m e  I ac t iva ted  the  re t rorocket  

system. After l o s s  of o r b i t a l  speed i n  the dense layers  of t he  atmosphere, the 

parachute was released,  and, near the ground, t he  " so f t  landing" system w a s  

ac t iva t ed ,  which reduced v e r t i c a l  descent ve loc i ty  p r a c t i c a l l y  t o  zero at the  

moment of touch-down. We w e r e  thus p r a c t i c a l l y  unaware of the i n s t a n t  of landing. 

9 
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After landing and doing a f e w  cal is thenics  t o  loosen up a b i t  on the /11 
ground, we used t e r r e s t r i a l  communications t o  ge t  i n  touch w i t h  the search 

planes and ground search pa r t i e s ,  wo took us and our ship t o  Baykonur. 

I n  concluding my brief report  on the  f l i g h t ,  I would l i ke  t o  s t a t e  that  

the execution of experiment on the air lock method of egress in to  space opens 

grea t  p o s s i b i l i t i e s  f o r  the fur ther  conquest of space. 

fu tu re  orbi t ing s t a t ions  f o r  crew ro ta t ion ,  outside construction, and other 

purposes i s  evidently only feasible i f  t he  a i r lock  method i s  used. Thus, the  

present experiment represents a s t ep  toward the development of the space ob- 

j e c t s  of the fu ture .  

Egress in to  space from 

I n  conclusion, I would l i ke ,  on my own behalf and on behalf of Aleksey 

Arkhiponovich Leonov, t o  convey f r o m t h i s  rostrum our congratulations t o  the 

crew of the "Gemini-5" spacecraft ,  Gordon Cooper and Charles Conrad, on the 

successful completion of their f l i g h t  of several  days, and t o  w i s h  them con- 

t inued success i n  the peaceful conquest of space. 
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